The use of electron beams is ubiquitous; electron microscopy, scanning tunneling microscopy, electron lithography, and electron diffractometry all use well-collimated and focused beams. On the other hand, quantum degenerate electron beams do currently not exist. The realization of such beams may impact all electron beam technologies and are interesting to pursue. Past attempts to reach degeneracy were hampered by the low degeneracy of continuously emitting electron sources. With the recent advent of ultra-short electron pulses, high degeneracy is expected. Coulomb repulsion and low quantum coherence are hurdles that need to be overcome. A quantum analysis of the electron degeneracy for partially coherent pulsed electron sources is presented and two-particle coincidence spectra are obtained for source parameters that are currently available. The conclusive demonstration of the fermionic Hanbury Brown-Twiss (HBT) effect for free electrons is shown to be within reach, and our results support the claim that femto-second nanotip electron sources, both polarized and unpolarized, can manifest partial to complete quantum degeneracy with appreciable signal-to-noise-ratios for free electron pulses notwithstanding their small particle numbers.
I. Introduction
More than a decade ago, the observation of electron degeneracy pressure for a free continuous electron beam was reported [1] . The free electron Hanbury-Brown Twiss (HBT) effect has not been repeated in other experiments and the observed defining feature, that is antibunching, has been explained by Coulomb repulsion rather than by electron quantum degeneracy in later theoretical papers [2, 3] . Currently the production of degenerate free electron beams is an open problem. The HBT effect for photons [4] was pivotal in the development of the field of quantum optics, and the observation of the same effect for free electron beams may open up a new field of research. Additionally, ever more dense electron pulses are being produced for Ultrafast Electron Diffraction (UED), Ultrafast Electron Microscopy (UEM), and laser wake field acceleration, where single shot electron diffraction imaging of single molecules is one of the major outstanding challenges [5] [6] [7] . The question on what limits the density of single electron pulses, degeneracy pressure or Coulomb interaction, is both relevant for quantum mechanics and for applications, such as making molecular movies.
Shortly after the first experiment on the electron HBT effect [1] , pulsed electron sources from nanotips were developed [8, 9] . The estimated degeneracy of these sources is high [10] . In the HBT experiment, the nanotip electron sources that produced a continuous emission of electrons, were claimed to provide a world record degeneracy of 4 10  , while the femto-second pulsed nanotip electron sources are estimated to give an electron degeneracy of 1 10  and the corresponding antibunching signal is predicted to be strong. Moreover, in a 1-D approach it has been shown that the Coulomb interaction and electron degeneracy both contribute to the antibunching HBT effect with equal proportions for the new pulsed nanotip electron sources [10] . Experiments are now under development to observe electron degeneracy with such a pulsed source unambiguously.
A difficulty with the experiments is that the degeneracy will not attain the maximum possible value of one. At such a value a fully coherent description of the quantum mechanical wavefunction would be sufficient. However, at lesser values the electron sources and pulses are partially coherent. To address the question how partial coherence influences the dynamics of twoelectron wavepackets and the experimental antibunching signature, a theoretical framework is developed in this paper. We conclude that coincidence techniques can be used to attempt the observation of antibunching for two-particle detection, even when the electron pulse is partially coherent to the extent as expected for current pulsed nanotip electron sources. Our theoretical approach is intended to make estimates of the electron count rate signal and the coincidence signal as a function of time for design parameters of table-top experiments.
Historically, R. Hanbury Brown and R. Q. Twiss (HBT) demonstrated that intensity fluctuations of photons emitted from independent thermal light sources show correlations when two detectors are located close to each other; for detectors outside of a single coherence volume no correlations were observed. The resultant photon bunching, which gives rise to an enhancement in the photon coincidence counts on two detectors within a single coherence volume, can both be justified by classical intensity fluctuation theory as well as quantum two-photon interference theory [11] . The former attributes the enhancement in photon counts to an increase in the normalized second order correlation function, which is defined as   2 12 12 .
Here, 1 I and 2 I are time-dependent intensities detected by each of the two detectors. The brackets indicate averaging over time. The latter approach provides a full quantum optical treatment of the problem based on the bosonic nature of the photons [12] . Identical bosons tend to bunch due to the enhancement in the second order correlation function, while identical fermions tend to antibunch because of the Pauli exclusion principle (PEP) which inhibits simultaneous phase-space occupation of any coherence volume. HBT-type correlations have been used to probe quantum mechanical particle statistics for various kinds of identical particles. Antibunching of thermal neutrons [13] , antibunching in a Fermi gas of 40 K atoms [14] , and the HBT effect for 3 He and 4 He, with the former being a fermion and the latter a boson [15] , were reported about a decade ago. The HBT effect with electrons in semiconductor devices typically consisting of electron sources, drains, and mesoscopic beam splitters was observed [16] [17] [18] . In such experiments, high phasespace degeneracies, i.e. the number of electrons per phase-space cell volume [10] , are available, and Coulomb repulsion between electrons is screened by space charge [3] . For free electron beams a conclusive demonstration of the HBT remains a challenge. A tour-de-force experiment was reported in 2002 [1] . A reduction of 3 1.26 10   in the coincidence count rate of free electrons in a continuous beam emitted from a high-brightness cold field-emission tip was demonstrated. However, later analyses revealed that such small signals could have been dominated by Coulombic interactions between the free electrons in the beam casting doubt on the original claim that the direct manifestation of the PEP had been observed [2, 3] .
II. Results and Discussion
The HBT effect can be described by the second-order correlation function given in equation (1) . However, this is not the only possible function to characterize the two-particle interference [19] . The probability distribution   , p n T for n counts to be registered by a single detector in a time interval T , as well as the joint detection probability density distribution   P  for the time delay  to occur between two successive detection events can be appropriate functions. In our analytical model, it is most convenient to obtain the two-electron joint detection probability on a detector located in the far-field of the emitter as a function of the detection time delay which is   P  . Non-relativistic quantum mechanics suffices for our demonstration of the enhancement in the HBT effect with pulsed electron beams compared with continuous beams. In addition, we neglect multi-particle interference effects that involve more than two electrons since they are rare for the experimental scenario considered here, namely low particle numbers in each pulse and short coherence times. We consider the wavepacket propagation along the beam axis. This is justified noting to the fact that in the experimental arrangement [1] , a quadrupole lens is used to expand the coherence volume appropriately in the transverse plane. This in effect trivializes the physics in the perpendicular directions, conveniently leaving the implications of the PEP pertinent to the longitudinal axis which makes the 1-D treatment valid in the real situation.
The two-electron wavefunction is the tensor product of a spatial part   12 
for the joint detection probability density of an electron pair. It is the two-electron interference term given by the overlap of the single-particle wavefunctions in AS  that gives rise to the HBT antibunching effect. For an electron source which coherently emits singlet pairs, AS  (associated with S  ), constructive interference will resultantly occur that resembles boson bunching. This is not a violation of PEP since such electron pairs with antiparallel spins do not occupy the same phase-space cell. A fully spin-polarized and fully coherent electron source emitting two spin-up electrons at a time, with   1, 1 S sm   associated with AS  , would thus be expected to give rise to an HBT antibunching effect with perfect contrast, i.e. with zero joint detection probability density for perfect coincidence of the electron pairs. The question is, how will the partial coherence of a more realistic electron source affect the measurable HBT contrast of the joint detection probability density. To this end, we need to introduce partial quantum coherence to our analysis.
Consider a pair of electrons with a coherence time c T carried by a pulse with duration pulse c TT  . The limit pulse T  will asymptotically reach the continuous beam condition that was experimentally studied in the past [1] . Figure 1 . Every such interval then corresponds to a phase-space cell that can bear up to one electron according to the PEP. This way a pair of electrons in any two neighboring intervals are coherent, namely quantum mechanically correlated, and incoherent, namely uncorrelated, otherwise. As pointed out in [20] , "it is possible to regard a "realistic" beam of particles either as a mixture of plane-wave states (monoenergetic free particle states) or as a mixture of wavepacket states." The second approach is what we implement here. T are in a two-particle pure state corresponding to an antisymmetric total wavefunction. During the fraction of time when the separation time of the electron pair is longer than the coherence time, they contribute incoherently to the final joint detection probability density. A more realistic beam can be treated as a quantum mixture of all these possible configurations. (b) The typical HBT effect diagram with two possible combinations of two-particle states applies to coherent contributions of electron pairs. Incoherent electrons act like distinguishable particles whose effects add up probabilistically. Here the virtual source points are separated by a (spatial or temporal) distance R , the detection points are separated by d , and the source-to-detector distance is L [12] .
In our simulations, propagation to a far-field detector at a fixed distance from the source was performed using the path-integral method [21] . A discussion of this procedure is given in the Methods section. The propagation part of the present problem is discussed in the context of diffraction in time (DIT) of matter waves [22] . While in the case of diffraction in space, the sources, and the detector screen are extended objects in three-dimensional position space, in the case of DIT, the point source and the point detector are held fixed at certain positions. An electron pulse with a finite duration is produced at the point source; in other words, the electrons move through a temporal slit and subsequently diffract in time as monitored by the point detector. Our present HBT problem is an extension of this scenario. Two electrons are distributed in N temporal slits as in Figure 1 (a). We then look for the joint detection probability density   P  as a function of the two detection times 1 t and 2 t with 21 tt  , rather than as a function of detection positions as in equation (5). For the case I) in Figure 1 , where the two electrons are emitted within one coherence time interval, the two-particle coherent density matrix elements are given by
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where the product wavefunctions are
No coherence terms are present for this part of the density matrix. From the total partially coherent density operator  , the final time-dependent joint detection probability density is thus formally written as 
P t t Tr t t t t t t t t t t t t dt dt t t t t t t t t dt dt t t t t
there are a total of   1 N  coherent contributions and     goes with the spin-triplet probability density. Clearly, it is the spatially antisymmetric contributions corresponding to the spin-parallel states which give rise to the HBT dips. Now, noting to the fact that for a completely spin-polarized source for which the electron pair take a symmetric spin state, the spatial part of the coherent contribution to the total density matrix is antisymmetric, we conclude that the antisymmetric curves   , coh AS P  in Figure 2 (a) are indeed the final joint detection probability densities for fully spin-polarized sources with different degrees of coherence. On the other hand, an unpolarized electron source is represented by a quantum mixture of spin-singlet and spin-triplet states [10] . Therefore, the total joint detection probability density for an unpolarized source is At this time, it is useful to define degeneracy and contrast to facilitate further discussion of the results in the above Figures. Since we are interested in the competition of Coulomb pressure and degeneracy pressure, in our electron beams, we need a way of quantifying degeneracy. This is not in the usual textbook sense of counting states of equal energy, but more analogous to statistical mechanics where the degeneracy of a Fermi system is thought of in terms of the thermal wavelength compared to the size of the system. If the thermal wavelength is small compared to the system size, then the Fermi nature of the particles does not come into play. In our systems, we do not have a sense of temperature, so we will quantify how much of the available quantum space is occupied by the electrons. First, consider two simple examples: the ground states of hydrogen and helium atoms, and an electron gas at zero temperature. In the case of the atoms, they have one or two electrons in the 1s shell. The degeneracy would be one-half or one in these cases, because either half or all of the available quantum space is occupied. Of course, these atoms have excited orbitals, but these do not contribute to the degeneracy because the electrons have no access to them. In the case of the electron gas, we have a continuous set of momenta which are occupied up to a certain Fermi momentum, and then have no more particles with higher momenta. So the degeneracy above the Fermi momentum would be zero, and below would be one, and, like in the atomic case, the higher levels, though present, do not factor into the degeneracy calculation because the particles have no access to them. From these examples, it is clear that we need the number of occupied states and the total available states, and we need these for a pulse of electrons moving in free space.
The degeneracy  is defined as the number of electrons in the coherence volume [5] . The product of the number of emitted electrons n per volume V and the coherence volume c V gives the number of electrons in the coherence volume as
, where the factor 2 accounts for the two spin states (this factor would be 2S+1 for a general fermion). The coherence volume reflects the space over which the electrons can interfere with each other. In analogy with the electron Fermi gas example above, the unoccupied states above the Fermi surface would be outside the coherence volume. The coherence volume can be obtained via a model (electrons as Gaussian wave packets) or through the energy-time uncertainly principle. The physical volume is determined by the experiment, for example a cylinder with a radius related to the diameter of the aperture emitting the electrons and length related to the electron velocity and pulse time.
Assuming cylindrical symmetry (which is appropriate for nanotip electron sources) the number of electrons in the coherence volume can be written as
, where A is the cross-section area and l is the volume length. For nanotips, complete transverse coherence c AA  can be reached and up to ten electrons per laser pulse have been observed [23] . For most of the current manuscript, we limit ourselves to the regime of two electrons per pulse, namely 2 n  . The coherence volume in the present case is therefore set by TT  along with the symmetric wavefunction components for an unpolarized electron source, reduces the contrast as seen in Figure 2 . In general, arbitrary degrees of coherence and polarization can be treated on the same grounds, and according to our results, both a higher degree of quantum coherence and a higher degree of spin polarization in a beam of two-electron pulses enhance the fermionic HBT antibunching effect.
The HBT contrast can be defined as (16) where N is given in equation (11) in terms of the characteristic pulse parameters. In the last step use has been made of equation (5) 
As an example, consider the special case of a degenerate beam with pulse c TT  . In that case 1 pol HBT C  as expected using equations (11) and (17), whereas for an unpolarized source we get 1 3 unpol HBT C  using equation (18) instead. This shows a reduction in the contrast by a factor of 3 compared with a similar but polarized beam and identifies a measurable control for the fermionic HBT experiments using controllable ultrafast spin-polarized pulsed electron sources [24] . For pulse c TT (or equivalently N ), which corresponds to long pulse durations approaching the continuous beam limit, the HBT contrast is small and often negligible even though the spin polarization can still make a difference, noting that 
It is also instructive to reflect on the absolute amount of reduction in the coincidence count rate at 0   relative to the incoherent illumination of the detectors since this is what is directly sought for in practice [1] . Starting from equation (13), the reduction in the joint detection probability density at the anticoincidence time is obtained as 
for a fully polarized beam. This is yet another indication why pulsed electron packets with short durations are significantly more efficient in realizing the HBT effect specifically when compared with continuous beams of free electrons. Now take, for instance, . As can be seen in Figure 2 , we can safely assume that the joint detection probability density is constant over such a short window at the center. Under the condition that each pulse carries exactly two electrons, the reduced counts in one second, i.e. the reduced count rate denoted by unpol R  , is then estimated as 4 2.89 10 ,
which for the above acquisition time gives a total of 9 3 10 unpol acq RT    counts. This is more than a million times bigger than the reported value of 3 10 for the reduced counts in a continuous beam with record-high degeneracy [1] . Such notable enhancements in our signal with ultrashort pulsed electrons will enable us to have a greatly improved control of the experimental conditions in order to segregate the effects of Coulomb repulsion and electron spin. The HBT contrasts corresponding to the joint detection probability distributions shown in Figure 2 are collected and shown in Table 1 . Figure 2 , where the coherence time is 10 fs . The marginal deviation of unpol HBT C from 13 for a degenerate pulse as discussed in the main text is due to computational errors and physical approximations, e.g. the far-field limit, to be addressed in the Methods section. The forth column shows that spin polarization gradually becomes less significant in improving the contrast as the pulse duration grows towards the continuous beam regime. The ratio approaches the value derived in equation (18) for long pulses. In the last two columns, the estimated reduced count rates for a pulsed electron beam repetition rate of 80MHz are given in a short detection window of 100 ps for both polarized and unpolarized beams. Refer to the main text for more details.
The reduction by a factor of 2 between the last two columns is of course expected noting that 3 4 1 4 1 2 .
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The possibility of getting single-electron pulses which weaken the signal can also be taken 
We thus make a further observation that since for the HBT effect to occur R  must be positive, the following criterion should hold true
for electron antibunching signal to be able to show up. There must be more two-electron pulses in the beam than single-electron ones to observe the HBT effect, for sure, as the necessary condition. It will then suffice to satisfy the inequality in equation (23).
II-A) Multielectron pulses
We can generalize our model to include pulses with more than two electrons in them. Here we keep the notation the average reduction in the joint probability density at the anticoincidence time, using equations (19) and (25), is obtained as (28) is the electron emission rate.
II-B) Derivation of a partially coherent state based on quantum decoherence theory
So far, we treated the electron beam as a maximally mixed state of coherent and incoherent contributions using the experimentally measurable finite coherence time of electrons in a pulse. Here we discuss an analytical method to obtain a partially coherent two-electron state starting from a pure entangled state with well-defined symmetries for the two electrons on the source as required by the PEP. To this goal, we model the emission process based on a two-state atom with a large electron-pair emission cross-section. The emitted electrons are assumed to initially be in an entangled state together with their emitter. Once the electrons leave the nanotip, the emitter states are traced out from the original pure three-particle entangled state leaving behind a two-electron partially coherent state. This way we treat the emitter as the "environment" for the electron-pair system in the language of the quantum decoherence theory [25, 26] . The lack of complete coherence in the beam can thereby be systematically attributed to the initial entanglement of the electron pair with their two-state emitter during the emission time interval tE  , with
being the energy gap between the excited and the ground states of the emitter involved in the process. In the following, we first introduce a suitable entangled three-particle pure state with density operator 12 12 12 ,
where the subscripts denote the two electrons and the environmental particle E . We can then move on and compute the decohered two-electron state by tracing out the environmental states: 12 12 .
The dot in indicates that the right-hand side is representation-dependent. Using the equation (32), the spin-averaged two-electron density matrix represented on the set of basis states given by
t t t t t t t t t t t (37)
is computed as 12 1 1 1 1 1 1 
III. Conclusions
Our main goal in this article was to demonstrate that ultra-short pulsed electron beams can enhance the Hanbury Brown-Twiss (HBT) antibunching signal, and that the enhancement will be even larger for ultrafast spin-polarized electron sources. Through a general description of the realistic partially coherent pulsed electron beams in terms of a maximal quantum mixture of coherent and incoherent contributions, we showed that this is indeed the case, comparing ultrashort electron pulses with the limit of continuous free electron beams for which few experimental reports along with their critical analyses exist in the literature. Greatly enhanced signal-to-noise-ratios as anticipated from our simulation results will enable us to have an improved control over the experimental parameters which is specifically helpful in segregating the effects of electron spin and Coulomb repulsion between free electron pairs in our experiment with pulsed electrons to be reported in the near future. As discussed in the literature, the latter can lead to antibunching signals which are rooted in coulombic interactions rather than spin statistics. Therefore, for a decisive observation of the Pauli exclusion principle (PEP) for free electrons, implementation of ultrashort pulsed electron beams with durations on the order of the coherence time of the electrons in each pulse seem to be compulsory according to the results given in the present article. Our analysis also showed that in this regime, a polarized pulsed electron source can further enhance the antibunching signal by up to a factor of 3 for degenerate pulses with duration identical to the coherence time of the two electrons carried by the pulse packet. We derived expressions for an arbitrarily defined HBT contrast, the absolute reduced count rate, and a criterion for the HBT effect to happen where single-electron pulses are also present and showed how the model can be generalized to take into account multi-electron pulses. Finally, we provided a generic method that enabled us to treat the concept of quantum "partial" coherence on a more rigorous ground based on ideas borrowed from quantum decoherence theory. We believe the procedure offered here has the potential to address the lack of complete coherence in free electron beams based on emission mechanisms originated in an entangled state of the emitters and the to-be-emitted electrons by bridging to the quantum decoherence theory. We hope that our treatment of the problem can spin a new twist on observations of the electronic HBT effect as well as the quantum interference of identical particle pairs, in general.
IV. Methods and further discussion
The problem discussed in this article contained two main parts: 1) Writing down an appropriate initial two-electron state, and 2) Propagating the state to a detector located at the farfield limit of the emitter. The first step was discussed in detail in the main text. The simulation results after the second state were given in Figure 2 and Table 1 , and were subsequently discussed and analyzed in the Results and Discussion section. Here we give an overview of the path-integral (PI) method [21] that we have chosen to use for the propagation problem in the context of matter expression for  consistent with this requirement that we can subsequently use in our simulations.
The constructive interference condition therefore becomes where in that case,  is the constant detection time and  is the point on the screen where the diffraction peak will show up after a sufficiently large number of single-electron detection events. The far-field approximation that leads to equation (43) can be expressed as   , where  is the spatial width of the source.
It is also instructive to find an expression for the first zeros of the diffraction pattern as a consistency check to make sure that our simulation results comply with it. The condition for destructive interference at a time 0 ta is given by
as in optics for a wide source. It follows that the times of the first zeros are given by 
where the minus (plus) sign corresponds to the first zero on the leading (trailing) edge of the diffraction pattern.
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The double-slit experiment in time can also be treated similarly. Two shutters unblocking an incoming single-electron matter wave is then equivalent to the case where one electron can either be found in the interval 1, corresponding to slit number 1, or in time interval 2 , corresponding to slit number 2 , with negligible detection probability elsewhere. When the slits are separated by a time interval, typically on the order of the slit duration, a temporal interference pattern can be observed by measuring the arrival times of electrons at the detector for an adequately large number of detection events. One must keep in mind that the double-slit experiment is a single-particle interference event. For this to be the case for MWDIT in the presence of a physical synchronous double-shutter, the overlap between the emitted electrons must be negligible which is the case for low degeneracies. In contrast, in the electronic HBT effect, the antibunching signal is created by overlapping electrons whose composite state is antisymmetric in compliance with the PEP. As we argued throughout this article, there is a higher chance for this to happen with ultrashort electron pulses as compared with continuous beams of electrons. Where the main constructive interference fringe is observed for the double-slit setup as shown in Figure 5(d) , an HBT dip occurs under similar experimental conditions as in Figure 2 (a). In accordance with our explanations given in the Results and Discussion section, for electrons outside a coherence volume, the situation is resembled by two independent shutters whose individual diffraction patterns contribute incoherently to the final effect noting that each single shutter spans one coherence volume with duration tE  and is hindered by the PEP to host more than two identical electrons. Two electrons in a single coherence volume then contribute to the HBT dip. In our treatment of free electron pulses discussed in this manuscript, no double-slits cross the beam path. The only effects present are therefore incoherent contributions mimicking single-slit singleelectron diffraction pattern and the antibunching signal due to coherent, i.e. quantum mechanically correlated, electron pairs. One may thus envision spatial and temporal double-slit experiments with highly degenerate pulsed electron beams manifesting an interplay between coherent single particle interferences and the two-electron HBT effect. The incoherent electrons in our model will then undergo double-slit interference with maximum peak heights of up to twice the incoherent diffraction pattern at the HBT anticoincidence time which will reduce the antibunching signal even further. From the perspective of the single electron interference, it is the very presence of twofermion interference that diminishes the first order fringe visibility. The question begging an answer is then whether the double-slit will decohere the coherent electron pairs or not. If it does, no HBT signal will be observed. Any hint of antibunching will then indicate that some coherent pairs of electron are not affected by the double-slit, based on which a "which-way" experiment could follow if it implied crossing of the correlated pair solely through one or the other of the two slits. Another possibility is, of course, the coherent electron pair in each ultra-short pulse acting as a single boson with twice the mass of one electron undergoing a double-slit arrangement and giving rise to single-particle interference patterns while the uncorrelated electrons in each pulse tend to generate single-electron interference patterns which are broader by a factor of two. Figure 7 demonstrates this latter conjecture. Before then, Figure 5 gives an overview of the MWDIT and Figure 6 compares the fermionic HBT effect with that of the double-slit experiment. The inset shows the phase difference of the trajectories originated from different points on the source at the time of the first zero at the detector position, calculated using equation (45), and indicated by a circle on the leading edge of the diffraction pattern. The total phase difference, which is computed relative to the phase from the trajectory originated at 0 t  , is 2  as anticipated. The reader less familiar with interferometry must note that in this case, for every trajectory originated in one half of the source, there is another trajectory started from a point on the second half which arrives at the first zero with an absolute phase difference of  relative to the first path, hence a destructive interference. In addition, unlike in the more familiar case of diffraction in space, the MWDIT pattern is clearly non-symmetric in time. The reason is that the electrons on the leading edge take a longer time to travel the same distance D as compared with those on the trailing edge. In other words, they have smaller momenta and consequently longer de Broglie wavelengths consistent with this observation. (b) Faster electron packets broaden less than slower ones in traveling the same distance from the source. (c) The resultant pattern for two different source durations are compared. Shorter wavepackets broaden faster, familiar effect from non-relativistic quantum mechanics. Figure 5 is demonstrated here. The physical parameters are identical to those of Figure 5 . As elaborated in the main text, the 2-electron pulses propagating in free space will lead to HBT dips with various degrees of contrast depending on their degrees of coherence. Now what happens if a doubleslit is placed in the path of the pulsed electron beam? One possibility is that when the two electrons are within one coherence time they act as a boson with twice the mass of one electron while two uncorrelated electrons will each give rise to the single-electron interference pattern. The two contributions are compared in (a). Keeping up with this conjecture and as shown in (b) for three different pulse durations, for a completely coherent beam, namely the degenerate electron beam, the bosonic pattern will then be obtained whereas for partially coherent beams the singleelectron interference pattern will tend to dominate progressively as the degree of coherence diminishes with increasing the ratio between the pulse duration and the coherence time. Not overviewed here is the other conjecture discussed above according to which the fermionic HBT effect would persist to show up in spite of the presence of a double-slit in the path of the beam. Lastly, it is important to note that the HBT contrasts unpol HBT C and pol HBT C given in equations (16) and (17) are clearly unaffected by the computational errors discussed here. In addition, marginal errors when removed by using the exact curves instead do not cause any noticeable change in the plotted curves in practice as long as we stick with the range of applicability of the far-field approximation.
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V. Error analysis
